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AUTOMOTIVE HEAT EXCHANGER 

TECHNICAL FIELD OF THE INVENTION 
[0001] This invention relates to a heat exchanger that includes an oil cooler 
section, and, more particularly, to an oil cooler section that includes tubes having an 
improved performance ratio. 

BACKGROUND OF THE INVENTION 
[0002] An automotive vehicle comprises one or more heat exchangers for 
cooling fluids used in the vehicle systems, such as refrigerant for an air conditioning 
system or transmission oil for a transmission device. A common heat exchanger 
comprises a plurality of parallel tubes connected at each end to a manifold and 
spaced apart by corrugated fins. Typically the tubes are formed of extruded 
aluminum. The manifolds include an inlet for receiving the fluid to be cooled and an 
outlet for supplying cooled fluid to other components in the system. The fluid enters 
the manifold through the inlet and is distributed to flow through passages within the 
tubes. Heat is extracted by air that flows through spaces between the corrugated 
fins between the tubes. The manifolds may include baffles that divide the manifold 
into sections and route the fluid back and forth in multiple passes. 
[0003] It is known to manufacture a heat exchanger that is divided into 
separate sections for cooling different fluids. For example, heat exchangers are 
available that include a condenser section for cooling refrigerant and an oil cooler 
section for cooling transmission oil. The manifolds are divided by baffles to 
segregate the fluids. To facilitate manufacture, the tubes for both sections have the 
same outer dimensions. Because of the relatively high pressure of the refrigerant 
within the condenser section, the tubes include multiple internal webs to strengthen 
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the outer walls and prevent distortion. The webs divide the cross section of the 
tubes into discrete regions of relatively small area. Because the refrigerant enters 
the heat exchanger as a gas, such small regions are effective in cooling and 
condensing the refrigerant. On the other hand, the transmission oil flowing through 
the oil cooler section is a liquid having a relatively low pressure and a relatively high 
viscosity. Small cross sectional paths, such as found in condenser tubes, result in a 
relatively high pressure drop for the oil. However, elimination of the webs to 
increase the size of the flow paths reduces contact between the oil and the tubes. 
This reduces cooling efficiency and necessitates an increase in either the length or 
number of tubes to achieve the desired temperature drop. 

[0004] Therefore, a need exists for the heat exchanger having an oil cooler 
section that includes tubes extending between manifolds and sized and shaped to 
enhance the cooling efficiency for oil flowing therethrough, thereby reducing the 
length or number of tubes, and thus the size of the heat exchanger. 

SUMMARY OF THE INVENTION 
[0005] This invention provides a heat exchanger for an automotive vehicle that 
includes an oil cooler section, preferably in combination with a separate section for 
cooling a different fluid, such as a condenser section for an air conditioning system. 
The heat exchanger includes a first manifold and a second manifold that are spaced 
apart, and a plurality of tubes that extend between the manifolds and define fluid 
passages in fluid communication with chambers within the manifolds. At least a 
portion of the tubes define oil flow passages for the oil cooler section and are 
adapted for conveying oil. In accordance with this invention, the oil cooling tubes 
have a cross section characterized by a performance ratio between about 3.9 and 
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8.5. As used herein, the performance ratio is based upon a cross-section of the tube 
and refers to the ratio of the wetted perimeter of the oil flow passage in millimeters 
divided by the cross sectional area of the metal of the tube, that is, excluding the 
area of the oil flow passage. By utilizing tubes having a performance ratio within the 
recited range, the heat exchanger improves the cooling efficiency for oil and thereby 
reduces the length or number of tubes required to achieve a desired cooling effect. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] This invention will be further described with reference to the 
accompanying drawings wherein: 

[0007] Fig. 1 is a plan view, partially cutaway, showing a combination heat 
exchanger in accordance with a first preferred embodiment of this invention; 
[0008] Fig. 2 is a cross sectional view of an oil cooling tube in Fig 1, taken 
along line 2-2 in the direction of the arrows; 

[0009] Fig. 3 is a cross sectional view of an oil cooling tube in accordance with 
an alternate embodiment of this invention; 

[0010] Fig. 4 is a perspective view, partially cut away, showing an oil cooling 
tube in accordance with a still further embodiment of this invention; and 
[0011] Fig. 5 is a cross sectional view of the tube in Fig. 4 taken along lines 5- 
5 in the direction of the arrows. 



DETAILED DESCRIPTION OF THE INVENTION 
[0012] In accordance with a first preferred embodiment of this invention, 
referring to Figs. 1 and 2, a combination heat exchanger 10 is adapted for use in an 
automotive vehicle and includes a first section 12 and a second section 14 for 
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cooling different fluids. In a preferred embodiment, section 12 is a condenser for 
cooling refrigerant for an air conditioning system. Also in a preferred embodiment, 
section 14 is adapted for cooling transmission oil, and is referred to herein as a 
transmission oil cooler section. Alternately, heat exchanger 10 may be adapted for 
cooling other fluids. 

[0013] Heat exchanger 10 comprises a first manifold 16 and a second 
manifold 18 in spaced, parallel relationship. Baffles 19 and 20 divide each manifold 
16 and 18 into first chambers 22 and 24 for condenser section 12 and second 
chambers 26 and 28 for oil cooling section 14. In addition, the manifolds may 
include baffles, for example, baffle 21 that further divide the chambers into portions 
for routing the fluids through the section along a particular flow path. Referring to 
condenser section 12, the section further includes a plurality of tubes 30 that extend 
between manifolds 16 and 18 and define flow passages in fluid communication with 
chambers 22 and 24. Condenser section 12 further comprises an inlet 32 and an 
outlet 34. During operation in an automotive air conditioning system, inlet 32 is 
coupled to a compressor for receiving warm refrigerant therefrom, and outlet 34 is 
coupled to an evaporator for discharging cooled refrigerant thereto. Within the 
condenser section 12, the refrigerant is distributed through chambers 26 and 28 to 
flow through the flow paths within tubes 30, whereupon the refrigerant is cooled as a 
result of heat extracted by air flowing within the spaces between the tubes. Fins 36 
disposed within the spaces between the tubes further enhances heat transfer from 
the fluid to the air. 

[0014] Referring now to oil coolant section 14, the section includes a plurality 
of tubes 40 that extend between manifolds 16 and 18 and include flow passages in 
fluid communication with chambers 26 and 28. The tubes are in spaced, parallel 
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arrangement. Fins 36 are disposed between the tubes to enhance heat transfer with 
cooling air caused to flow through the space between the tubes. A connection block 
42 includes an inlet 44 and an outlet 46. During operation, inlet 44 is coupled to a 
transmission case for receiving warm transmission oil therefrom, and directs the oil 
into chamber 26. The oil flows from chamber 26 through the oil passages within 
tubes 40, whereupon the oil is cooled by air flowing through the spaces between the 
tubes. The oil flows from the tubes into chamber 28 and is returned through an oil 
return tube 48 to connection block 42 for discharge through outlet 46, which is 
coupled to return the cooled oil to the transmission case. Return tube 48 is sized 
considerably larger than the oil flow passages in tubes 40 and provides additional 
strength to heat exchanger 10. 

[0015] Referring now to Fig. 2. there is shown a cross section of an oil cooling 
tube 40 in accordance with a first embodiment of this invention. Tube 40 is an 
extruded tube formed of metal, preferably aluminum. Tube 40 comprises an outer 
wall 50 surrounding an oil flow passage 52 that is divided by webs 54 into distinct 
flow paths. As used herein, oil flow passage refers to the volume within the tube for 
transporting fluid, which, in this example is the total of the several flow paths 
separated by webs 54. It is pointed out that webs 54 strengthen outer wall 50 to 
prevent damage to the tube during handling or distortion due to fluid pressure during 
use. Tube 40 further comprises fins 56 that extend from outer wall 50 into the oil 
flow passage 52. Fins 56, which are also referred to as enhancements, increase the 
surface area of tube 40 in contact with fluid flowing through oil flow passage 52. 
Webs 54 and fins 56 extend along an axis 60 perpendicular to the direction of fluid 
flow through passage 52. In contrast to webs 54 that divide passage 50 into discrete 
flow paths, fins 56 are spaced apart by a gap to allow fluid communication between 
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adjacent portions of the flow path. The fins Increase surface contact between the 
tube and the fluid to thereby enhance heat transfer therebetween. Moreover, the 
gaps promote fluid flow about the fins and reduce flow resistance, thereby reducing 
the pressure drop caused by fluid flow through the oil flow passage. In Fig. 2, the 
gaps are staggered across the cross-section such that each gap is offset relative to 
adjacent gaps. Alternately, the gaps may be aligned. 

[0016] In accordance with this invention, cooling efficiency is improved in a 
heat exchanger that includes an oil cooler section having tubes with a perfonnance 
ratio between about 3.9 and 8.5. For the purpose of determining the performance 
ratio, the cross section of tube 40 is characterized by a wetted perimeter 
representing the inner surface of the tube in contact with fluid flowing through the oil 
flow passage, detemnined in millimeters. Preferably, the wetted perimeter is greater 
than about 100 millimeters. The tube cross section is also characterized by a cross 
sectional area, in square millimeters, of the tube metal, not including the flow 
passage. The performance ratio is calculated as the ratio of the wetted perimeter 
divided by the cross sectional area. Referring to Table 1, there is reported 
performance ratios for examples of oil cooling tubes in accordance with this 
invention. Examples 1 through 8 comprise extruded aluminum tubes similar to Fig. 2 
with varying numbers of webs and fins. For purposes of comparison, the 
Comparison Examples 1 is extruded aluminum tubes featuring multiple webs that 
divide the interior into generally rectangular fluid channels, such as are commonly 
employed for a condenser and would suitably be employed in condenser section 12. 
As reported in Table 1, Examples 1 through 8 exhibit performance ratios within the 
range of 3.9 to 8.5. In contrast, the condenser tubes in the Comparison Examples 
exhibits a performance ratio significanfly below 3.0. 
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[0017] While not limited to any particular theory, it is believed that oil cooling 
tubes having performance ratios in accordance with this invention provide optimum 
cooling for transmission oil and like fluids that are characterized by relatively low 
pressure and relatively high viscosity. The high surface contact between the tube 
and the oil increases heat transfer from the oil to the tube and thereby promotes 
cooling of the oil. The relatively low mass of the tube metal increases heat transfer 
to the ambient air flowing thereabout and thus further enhances cooling of the oil. 
This is accomplished while maintaining a relatively large cross sectional area for the 
flow path to thereby minimize the pressure drop of oil flowing through the passages. 
[0018] In the embodiment in Fig. 1, fluid flow through passage 52 tends to be 
laminar. Cooling efficiency is further promoted by turbulent flow of the fluid. 
Referring now to Fig. 3, there is depicted an oil cooling tube for use in a heat 
exchanger in accordance with an alternate embodiment of this invention to increase 
turbulent flow and further enhance fluid cooling. Heat exchanger 90 is formed of an 
extruded metal tube and is similar to oil cooling tube 40 in Fig. 1 , with like numerals 
being employed to indicate like elements. In addition, oil cooling tube 90 includes 
dimples 92 formed in outer wall 50. Dimples 92 deform the orientation of fins 56 
within oil flow passages 52. This results in increased turbulence within oil flowing 
through the oil flow passage, which promotes mixing of the fluid and improves heat 
transfer between the oil and outer wall 50. It is believed that the dimples have 
minimal effect upon the performance ratio as calculated for the tube prior to dimpling. 
[0019] Referring now to Figs. 4 and 5, there is depicted an oil cooling tube 100 
in accordance with yet a further embodiment of this invention. Oil cooling tube 100 is 
adapted for use in a combination heat exchanger, similar to heat exchanger 10 in 
Fig. 1, in substitution of tubes 30. Tube 100 comprises an outer wall 102 formed of 
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extruded metal, preferably aluminum metal and defines an oil flow passage 104 for 
conveying oil therethrough. In accordance with this embodiment, a turbulator 106 is 
inserted within tube 100. Turbulator 106 is fomried of stamped metal and Includes 
openings 108 to promote turbulent flow of oil through passage 104. Further details 
regarding the turbulator and the method for manufacturing same are described in 
United States Patent No. 6,213,158, Issued to Rhodes, et al., April 10. 2001. In 
accordance with this aspect of this invention, turbulator 106 features a dual-layer 
structure fornied of a single stamped metal sheet that is bent at 110. Referring to 
Table 1, Example 9 reports a performance ratio for a dual-layer turbulator in 
accordance with this embodiment. For purposes of comparison, a comparable 
structure comprising a single layer turbulator exhibits a performance ratio of about 
3.2. Thus, the dual-layer turbulator increases surface contact with the oil and 
creates turbulent flow through the oil passage to improve cooling efficiency. 
[0020] While this invention has been disclosed in terms of certain 
embodiments thereof, it is not intended to be so limited, but rather only to the extent 
set forth in the claims that follow. 
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